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[5 7] . ' ABSTRACT 

This invention provides a digital display pyrometer 
which derives from the voltages VI and V2 provided 
by photoelectric sensor means at a given temperature 
T, to be measured a temperature signal, by reproduc~ 
ing in pulse-counting and gating circuits the following 
relation,‘ derived from Planck’s law: 

TX=__E__1M.._TE. , 
i In MK! +In E-B 
A V; A 

where A, B and C are constants. The first part of this 
expression is derived from the time interval taken for 
a capacitive storage circuit to discharge between volt 
age C V, and V2 and the second part from a ?xed time 
interval, both time intervals being recorded as a num 
ber of clock pulses in counters and] combined in a digi 
tal display. 

8 Claims, 4 Drawing lFigures 
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DIGITAL DISPLAY OPTICAL PYROMETER 

The present invention relates to a digital display opti 
cal pyrometer apparatus and is more particularly con 
cerned with electronic signal processing circuits able to 
derive and to present in digital form a temperature sig 
nal from spectral radiance signals provided by photo 
detectors of conventional type. 
The invention may be applied both to monocromatic 

pyrometers and bichromatic pyrometers or colour tem 
perature measuring instruments. 

BACKGROUND OF THE INVENTION 

In pyrometers of the prior art two spectral radiance 
signals supplied by respective photo-detectors are usu 
ally applied to an analog divider circuit, the ratio be 
tween the two signals being, according to Planck’s law, 
related to the temperature being measured. The tem 
perature signal is thus in analog form, and is usually 
presented on a suitably calibrated indicating instru~ 
ment. This type of analog circuit is intrinsically impre 
cise due to derivatives and other causes of fluctuation. 

Moreover, whenever digital presentation of the 
measurement is desired, recourse must be had to an 
analog-digital converter, which increases the cost with 
out substantially improving the performance of the ap 
paratus. In each case the precision of a pyrometer of 
this type may be increased only with progressively in 
creased costs of production, owing to the known diffi 
culty of stabilizing continuous quantities in analog cir 
cuits. ‘ 

Thus the main object of this invention is to produce ' 
a digital display optical pyrometer apparatus which al 
lows of obtaining for circuits of a given quality a py 
rometer apparatus of higher precision than that of the 
prior art. I 

Another object of the invention is to provide pyrome 
ter apparatus capable of deriving a digital output signal 
from spectral radiance signals, without the need for an 
alog digital conversion, and with consequent further 
reduction in cost. 
A further object of the invention consists in providing 

a digital display pyrometer apparatus which can readily 
be operated both as a bichromatic and as a monochro 
matic pyrometer, with simple modi?cations of the val 
ues of a few key components of the circuit. 

SUMMARY OF THE INVENTION 

The above-mentioned and other objects and advan~ 
tages are attained by means of this invention, which 
provides a digital display optical pyrometer apparatus 
comprising: photometric means adapted to emit re 
spectively a first and a second electrical signal, corre 
sponding to respective linear functions of two radiant 
energy ?uxes, incident on said means, circuit means 
connected to said photometric means to process the 
signals emitted thereby and to supply a digital signal 
proportional to the radiation temperature associated 
with said energy ?uxes, and visual display means pi 
loted by said digital signal and providing a digital meas 
urement of the said temperature, wherein the improve 
ment consists in: 

(a) a charge storage circuit having a discharge time 
constant proprotional to the reciprocal of a preselected 
constant A; 
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2 
(b) a charging and comparator circuit adapted to 

apply to said storage circuit a voltage not less than the 
product of said first signal and a‘second preselected 
constant C, for a predetermined ?rst time interval and 
to allow successively the discharge of the storage cir 
cuit to the value of the second signal; 

(c) a source of electrical clock pulses; and 
(d) a logic circuit connected to said source of clock 

pulses to enable application of the output pulses of said 
charging and comparator circuit to the visual display 
means during a number of clock pulses proportional to 
a further time interval. - 

BRIEF DESCRIPTION OF THE DRAWINGS 
The invention will now be described, by way of exam 

ple, with reference to the accompanying drawings, 
wherein: ’ 

FIG. 1 ‘is a block circuit diagram of a bichromatic op 
tical pyrometer apparatus with digital display accord 
ing to one embodiment of this invention; 
FIG. 2 illustrates diagrammatically the waveforms 

present at various points in the circuit of FIG. I, useful 
for understanding this invention; 
FIG. 3 is a block schematic circuit diagram of a vari 

ant of the circuit of FIG. I, and 
FIG. 4 illustrates diagrammatically waveforms pres 

ent at various points in the circuit of FIG. 3. 

DETAILED DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENTS 

To make the understanding of this invention more 
immediate, the mathematical principles which form the 
basis of this invention will first he explained. Optical 
pyrometry, as is known, is based on Planck’s law, ex 
pressed as: ‘ 

L = cams 1/[ expIQ/AT) — ,1] 

wherein C1 and C2 are appropriate constants; ' 
It is the wavelength of the radiation in question; 
L is the spectral black body radiance; 
T is the black body temperature. ‘ 
Planck’s law can be approximated for short wave 

lengths by omitting the term “— l" in the denominator, 
so that if the black body radiance of a given source of 
radiation for two different wavelengths A], A2, at a tem 
perature T,T is L1 and L2 respectively then the tempera 
ture TI is given by: 

which, for two ?xed wavelengths A, and k2, may be ex 
pressed 

where A and B are constants which depend upon the 
two preselected wavelengths, or on the characteristics 
of optical filters employed in the pyrometer. Introduc 
ing now an arbitrary additive constant In C in both 
sides of equation (I), there is obtained, after further 
manipulations: 
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TX: 1 1 
1n 

A (2) 
1 CL 
A 1n T24 

where the denominator comprises a constant-term and 
a term which is a logarithmic function of the ratio be 
tween the two-radiation ?uxes. 
Applying the Planck’s law to an unknown source and 

to a reference source emitting radiation of a prese 
lected- wavelength, two relations are obtained which 
may be developed in a manner analogous to that re 
ferred to above ?nally reaching a relation analogous to 
equation (2): 

d, TX: 1 

Z1 L, V (2') 
where A, B, C and D are new pre?xed constants. Equa 
tion (2') differs formally from (2) only in the substitu 
tion of the signal CLl, by a linear combination of L1 and 
L2. 

In‘ this way equation (2) is applicable also to a mono 
chromatic pyrometer. 
This invention is based upon the use of equation (2) 

in which C is selected such that the denominator is the 
sum of two positive terms. 

In effect the invention stems from the recognition of 
the fact that it is possible and relatively simply to con 
struct a periodic waveform in which each cycle com 
prises a section of duration proportional to the ?rst 
component in the denominator of equation (2) and a 
second section of duration proportional to the second 

7 component of said denominator. A digital measure 
ment of the frequency of such a waveform can thus rep 
resent directly the temperature sought for. 
Referring to FIG. 1, two photosensitive diodes 10 and 

12 receive radiation from the same source 14, through 
respective ?lters l6 and 18, which transmit radiation of 
respective predetermined wavelengths A, and A2. The 
direct current signals generated by the photosensitive 
diodes 10, 12 are amplified in respective ampli?ers 20 
and 22, which have amplification factors in the ratio C 
to each other. Thus the output of the ampli?ers 20 and 
22 will comprise two voltages CV, and V2 proportional 
respectively to CLl and L2, where L1, L2 are the intensi~ 

‘ties of the components of the incident radiation at 
wavelengths A] and )\2 respectively. 
The voltage CV, is applied through an analog gate 25 

enabled by a signal on a line 23 hereinafter to be to be 
described, to the input of an operational ampli?er 27 
having gain slightly greater than unity, for example, 
1.2, which supplies a charge storage circuit constituted 
by a capacitor 34 and resistor 36. The storage circuit 
34, 36 is dimensioned so as to have a discharge time 
constant equal to l/A and a much shorter charging 
time constant, influenced by the low output impedance 
of the ampli?er 27. 
The output signals of the ampli?ers 20 and 22 are 

also applied to respective inverting inputs 24 and 30 of 
comparators 26 and 32, the non-inverting inputs of 
which 29 and 31 receive a voltage Va (FIG. 2) from the 
storage circuit 34, 36, through a line 38. 
The output signal V26 (FIG. 2) of the comparator 26 

is conducted to a first input 33 of a NAND gate 40. The 
output signal V32 (FIG. 2) of the comparator 32 is ap 
plied to a reset input R of a ?ip?op 42 of type JK, one 

15 

4 
output 0 (FIG. 2) of which is connected to the second 
input 35 of NAND gate 40, whilst the other output Q 
constitutes the enabling signal for the analog gate 25. 
The output V40 of the NAND gate 40 (FIG. 2) goes 

to a first input 43 of a further NAND gate 44, the sec 
ond input 45 of which receives a sequence of pulses at 
a ?xed repetition frequency from a clock 46 consti 
tuted by a quartz oscillator. The output pulses V4,, 
(FIG. 2) of the NAND gate 44 are passed to the input 
of a counter 48 and to one input of ‘a NAND gate 50, 
the second input of which is piloted‘from the output 0 
of the ?ip?op 42. The output of the NAND gate 50 
controls a counter 52 which is regulated to sub-divide 
the input pulses by the factor 

[In (l/C) — BllA 

The output of the counter 52 provides both a clock 
input 54 to the ?ip?op 42, and one input of a fourth 
NAND gate 56, the second input of which consists of 
the output signal from the counter 48. The output of 
the NAND gate 56 is applied to a counter 58 which 
controls a memory 60. The memory 60 is connected to 

, a visual display device 62 of known type, for example 
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with luminescent diodes. 
The operation of the circuit of FIG. I will now be de 

scribed with reference to the waveforms of FIG. 2. 
Assuming that the ?ip?op 42 is initially primed, at 

time to, the signal CV, at the output of the amplifier 20 
is applied to the ampli?er 27 which multiplies it by the 
factor 1.2 and applies it to the storage circuit 34, 36. 
The voltage across the capacitor 34 rises rapidly, due 
to the low charging time constant ‘and the low output 
impedance of the ampli?er 27, as seen by the section 
of curve a‘ of FIG. 2. During this phase the output V2,, 
of the comparator 26 is low, since the signal applied di 
rectly to its inverting input 24 is higher than the signal 
applied to its non-inverting input. Consequently the 
NAND gate 40 is blocked. Since the NAND gate 40 is 
connected to the input 43 of the NAND gate 44, the 
latter passes clock pulses from the clock 46, which 
pulses have negative polarity, at the input of the NAND 
gate 50 as signal V44. Therefore the counter 52 starts 
to count the clock pulses V.H (FIG. 2'). 
Also the NAND gate 56, having a l on its input 57, 

allows the passage of the clock pulses from the counter 
52 applying them to the counter 58. The counter 48 is 
regulated to divide the input pulses by a prefixed factor 
such, that it emits an output pulse at preselected time 
intervals. If, for example, said time intervals are made 
equal to one second, the relation 

n A t, + n A [2 = 1 sec is satisfied 

(3) 

wherein n is the number of pulses per second corre 
sponding to one measure, Atl is the duration of each 
discharge and Atz is the interval of time between two 
successive discharges. ' 
At the instant t, the output of the comparator 26 be 

comes high, but the output of the NAND gate 40 re 
mains high because the output Q of the ?ip?op 42 is 
high. Nothing is changed in the condition of the rest of 
the circuit. 
When the counter 52 has counted the prescribed 

number of pulses it emits an output pulse which causes 
the condition of the flip?op 42 to change (at time :2). 
Therefore the output Q of the ?ip?op 42 becomes low, 
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the output V40 of the NAND gate 40 becomes low, and 
the clock pulses from the clock 46 are inhibited in the 
gate 44. No more pulses are counted in the counter 48, 
until the instant (t3) at which the signal across the ca 
pacitor 34 has decayed sufficiently to render the output 
of the comparator 26 low again. The output of the 
NAND gate 40 then becomes high again, enabling the 
NAND gate 44 again, and thus allowing the counter 48 
to resume counting the clock pulses. 
When, at the instant t4, the voltage across the capaci 

tor 34 has fallen to a value corresponding to the signal 
supplied by the ampli?er 22, the output of the compar— 
ator 32 becomes low, with consequent priming of the 
?ipflop 42. This immediately causes resumption of 
charging of the storage circuit, 34, 36 with consequent 
commutation of the comparator 32. The above 
described cycle then resumes. ‘ 

In the interval between the instants t2 and t3 the 
NAND gate 44 is disabled and consequently the clock 
pulses from the clock 46 are not counted during this in 
terval. Thus everything follows as if the interval be 
tween t2 and :3 did not exist from the point of view of 
the measuring system. Such extraneous interval serves 
only to allow the development of the spurious transi 
tory phenomena at the start of the discharge, without 
any prejudicial effect on the precision of measurement. 
Therefore the counter 58 finally counts the output 
pulses of the counter 52, during the time intervals be 
tween two consecutive output pulses of the counter 48, 
that is, during intervals of one second. 
With reference to equation (2), since the duration of 

the interval between t0 and t, is proportional, by con 
struction, to 

and since the time interval between t3 and t, is propor 
tional, given an exponential discharge of the capacitor 
34, to: 

it follows that the count in the counter 58 is exactly 
prooprtional to the reciprocal of the sum of these two 
expressions, and is therefore a measure of the desired 
temperature, according to equation (2). 
This result is obtained directly without the need at 

any point in the circuit to take an effective analog 
measurement of the levels of the signals supplied by the 
photodiodes I0, 12. The accuracy of the measurement 
is in effect dependent on the accuracy of time or of fre 
quency determinations which it is possible to effect 
with high precision and at relatively low cost. 
Applying Planck’s law to an unknown source and to 
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a reference source, usually a tungsten strip at a known ‘ 
temperature, for a predetermined narrow band of 
wavelengths, it is possible to derive a measurement of 
the radiation temperature of the unknown source by 
applying to the two signals representative of the inten 
sity of radiation from the two sources mathematical op 
erations analogous to those discussed with reference to 
the bichromatic pyrometric measurements. The circuit 
described may be readily adapted also, to this second, 
monochromatic, case, by simple modification of the 
characteristic constants. 

In the circuit illustrated in the variant of FIG. 3, the 
input circuit which transfers the direct current signals 
from the respective photodiodes 10, 12 to the respec 
tive inputs of the operational ampli?ers 26 and 32 is 

55 

6 
identical with the previously described input circuit of 
FIG. 1. Thus the said signals are passed through respec 
tive amplifiers 20 and 22 to the respective non 
inverting and inverting inputs inputs 24 and 30 respec 
tively of comparators 26 and 32, the respective invert 
ing and non-inverting inputs 29 and 31 of which are at 
a potential equal to the voltage V,, (FIG. 4) across the 
terminals of the storage circuit 34,, 36 by virtue of a line 
38 connected to the latter inputs. _ 
The output signal V26 (FIG. 4) of the comparator 26 

is sent simultaneously to a first input 43 of a NAND 
gate 44 and to one input S of a flip?op 42 of type RS; 
the second input R of the flip?op 42 receives the out 
put signal V32 of the comparator 32. The output Q of 
the flip?op 42 supplies a signal to an analog gate 250 
through a control circuit 350 which controls the charg 
ing of a charge storage circuit constituted by a capaci 
tor 34 and resistor 36. 
The storage circuit 34, 36 is dimensioned to have a 

discharge time constant equal to HA as in the example 
previously described. - 

The charging time constant is in this case, very much 
shorter, being influenced by the low output impedance 
of the analog gate 250. The signal provided at the out 
put Q of the flip?op 42 is also sent to a second input 
40, of the NAND gate 44, which in addition has a third 
input 45 to which a sequence of clock pulses V, is ap 
plied from a clock 46 constituted by a quartz oscillator. 

The output pulses V44 (FIG. 4) of the NAND gate 44 
are sent to the input of a counter 480 divided into two 
sections 480a, 4801) arranged in cascade with an inter 
mediate OR circuit 480c having two inputs 33 and 23. 
The OR circuit input 33 is connected to the output of 
the counter section 480a while the OR circuit input 23 
receives the signals from the output Q of the flip?op 
42. The output signal of the OR circuit 480c is passed 
to the second section 48012 of the counter 480. 
The counter 480 advances at each pulse emitted by 

?ip?op 42 by a quantity proportional to the factor 

The output of the counter 480 pilots one input 57 of 
a third NAND gate 56, the second input 55 of which 
receives pulses emitted by the output Q of the flip?op 
42.v The output signal of the NAND gate 56 is applied, 
as in the embodiment of FIG. 1, to a counter 58 which 
controls a memory 60. The memory 60 in turn controls 
a visual display device 62 of known type, including for 
example luminescent diodes. v 
The embodiment illustrated in FIG. 3 differs from 

that shown in FIG. 1 mainly in the method by which the 
counting is effected relative to the number of dis 
charges corresponding to one measurement. 
As previously stated, in the circuit of FIG. 1 the 

counter 48 and the counter 52 are regulated, for in 
stance in such manner that an output pulse is emitted 
every second, thus satisfying the previously stated 
equation (3). 

In the embodiment of FIG. 3 the counting takes place 
in the counter 480, in which the section 480a divides 
by a factor N1, and the section of ‘48% divides by the 
factor N2, while the OR circuit 4806' causes the counter 
480 to advance by a quantity proportional to A 12. The 
factors N, and N2 are chosen so as to satisfy the rela 
tion: 
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where F is the frequency of the clock pulses emitted by 5 
the clock 46. Thus the new system of counting is ef 
fected according to the following relation: 

from which, dividing F there is obtained: 10 

n (N1/F)+nAt,=l 

Comparing with the relation (3) it is noted that: 

n(N1/F)=nAt2; 
Thus the computation is effected in such manner that 

the pulses obtained at the output Q of the flip?op 42 
cause the count to advance in each cycle by a quantity 
corresponding to the factor 

[In (l/C) — Bl/A 

which appears in the fundamental equation (2). 
The operation of the circuit shown in FIG. 3 will now 

be described, with reference to the waveforms depicted 

20 

in FIG. 4. No description will, however, be given of the 25 
operation of the input circuit, which is identical with 
that of the input circuit of FIG. 1. 
Commencing at time to, the voltage V A across the ca 

pacitor 34 rises rapidly, the latter having a small charg 
ing time constant due to the low output impedance of 30v 
the analog gate 250, as illustrated by the curve section 
a in the plot of V ,4 in FIG. 4. During this phase the out 
put V26 of the comparator 26 is high because the signal 
applied directly to its non-inverting input 24 is higher 
than the signal applied to its inverting input 29. At the 35 
instant t,, when the voltage V, across the capacitor 34 
becomes equal to the voltage CVl applied to the non 
inverting input 24, the voltage V26 is brought to zero 
level. 

In the sametime interval between to and 1,, the volt- 40 
age at the output 0 of the flip?op 42 is zero. At the in 
stant t1, since the voltage V26 applied to the flip?op 
input S then goes to zero level, the flip?op 42 changes 
its state and the voltage at output Q passes to a high 
level (I). 4 

In the interval tl — t3, withthe signal VA remaining 
above the level CV1, the voltage V26 remains at zero 
level. 
Therefore during the interval to — t3 the NAND gate 

44 remains blocked and the output pulses of the clock 
46 are inhibited; thus no pulses from the NAND gate 
44 are counted in the counter 480; the counter 480 
during this interval will advance by a quantity equal to 
N1. 

below the level CV,, the voltage V26 at the output of the 
comparator 26 is at a high level, and the output Q of 
the flip?op 42 remains at the high level one, thus at 
each input 40 and 43 of the NAND gate 44 there will 
be a voltage at a high level (1 ). The NAND gate 44 thus 
becomes unblocked and allows passage of the pulses of 
the clock 46 applied to the section 480a of the counter 
480. During the whole of the interval t3 — t4 the counter 
480 will count the pulses passed through the NAND 65 
gate 44. 
The NAND gate 56 during the interval relative to one 

measurement, having a voltage at the high level (1) at 

15 
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8 
its input 57, allows the pulses from the output Q of the 
flip?op 42 to pass, applying them to the input of the 
counter 58. ' 

When, at the instant t4, the voltage across the capaci 
tor 34 has attained the value V2 corresponding to the 
signal furnished by the amplifier 22, the output of the 
comparator 32 becomes low, with the consequent com 
mutation of the flip?op 42. This immediately causes, by 
means of the analog gate 250 and of the relative control 
circuit 350, the resumption of charging of the storage 
circuit 34, 36, with consequent commutation of the 
comparator 32. 
The cycle then repeats itself as hereinbefore de 

scribed. 
We claim: 
1. Digital display optical pyrometer apparatus com 

prising photometric means adapted to emit respectively 
a ?rst and a second electrical signal, corresponding to 
respective linear functions of two'radiant energy ?uxes 
incident on said means, circuit means connected to said 
photometric means to process the signals emitted 
thereby and to supply a digital signal proportional to 
the radiation temperature associated with said energy 
?uxes and visual display means piloted by said digital 
signal and providing a digital measurement of the said 
temperature, wherein the improvement consists in: 

a. a storage circuit having a discharge time constant ' 
proportional to the reciprocal of a preselected con 
stant A; 

b. a charging and comparator circuit adapted to 
apply to said storage circuit a voltage not less than 
the product of said first signal and a second prese 
lected constant C, for a predetermined first time 
interval, and to allow successively the discharge of 
the storage circuit to the value of the second signal 
so as to cause a sequence of charge and discharge 
cycles of said storage circuit to take place; 

0. a source of electrical clock pulses; and 
d. a logic circuit including first counter means ar 
ranged to count a number of pulses emitted by the 
source of clock pulses, said number being propor 
tional to the expression [ln(1/C) —- B]/A wherein 
B is a third preselected constant and to emit at the 
termination of said counting an output pulse which 
initiates the functioning of said charging and com 
parator circuit to allow discharge of the storage cir 
cuit, said logic circuit further including second 
counter means which enables the application to 
said visual display means of the pulses counted by 
said first counter means during a'preselected time 
interval. ' I 

2. The apparatus de?ned in claim 1, wherein said 
charging and comparator circuit includes a first com 
parator which records the instant in which the signal in 
the storage circuit becomes equal to the second signal 
to control resumption of charging of the storage circuit 
and the start of counting by said counter means. 

3. The apparatus de?ned in claim 2, wherein the 
charging and comparator circuit includes a further 
comparator which records the instant in which the sig 
nal in the storage circuit becomes equal to the product 
of the ?rst signal and the constant C, and thereupon 
supplies to the logic circuit a signal marking the instant 
of starting of the time during which the signal in the 
storage circuit is comprised between the value of said 
?rst and of said second signal. 
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4. The apparatus de?ned in claim 1, wherein the stor 
age circuit is a resistance-capacitance circuit. .‘ 

5. The apparatus de?ned in claim 1, wherein the con 
stantgA' is proportional to the difference between the 
reciprocals of the wavelengths of the respective signals 
to which the photometric means are responsive. 

6. The apparatus de?ned in claim 1, wherein the con 
stant B is proportional to ?ve times the natural loga 
rithm of the ratio of two wavelengths to which the pho 
tometric means are responsive. 

7. Digital display optical pyrometer apparatus com 
prising photometric means adapted to emit respectively 
a ?rst and a second electrical signal corresponding to 
respective linear functions of two radiant energy ?uxes 
incident on said photometric, means, circuit means, 
connected to said photometric means to process the 
signals emitted thereby and to supply a digital signal 
proportional to the radiation temperature associated 
with said energy fluxes, and visual display means pi 
loted by said digital signal and providing a digital meas 
urement of the said temperature, wherein the improve 
ment consists in: 

a. a storage circuit having a discharge time constant 
proportional to the reciprocal of a preselected con 
stant A; 
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10 
b. a charging and comparator circuit adapted to 
apply to said storage circuit a voltage not less than 
the product of said ?rst signal and a second prese 
lected constant C, and to allow successively the dis 
charge of the storage circuit to the value of the sec 
ond signal, so as to cause a sequence of charge and 
discharge signals of said storage circuit to take 
place; 

0. a source of electrical clock pulses; and _ 
d. a logic circuit controlled by said source of clock 

pulses to enable application of the output pulses of 
said charging and comparator circuit to the visual 
display means during a number of clock pulses pro 
portional to a preselected time reduced by a time 
nAt, where n is the number of discharges corre 
sponding to one measurement and AI is an interval 
of time proportional to the factor [ln( l/C) — B]/A 
wherein B is a third preselected constant. 

8. The apparatus de?ned in claim 7, wherein the 
logic circuit comprises counter means effective in each 
charge and discharge cycle of the storage circuit to ad-' 
vance the counted quantity by an amount correspond 
ing to said factor, [1n( l/C) — B]/A. 

* * =|< * 


